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CHAPTER 3 
 
 
METHODOLOGY 
 
3.1 MATERIALS AND REAGENT 
 
All the azobenzene derivatives were supplied by Dr. Gurumurthy Hegde, 
formerly worked for Universiti Malaysia Pahang. These compounds were synthesized 
and their chemical structures were determined by means of FT-IR spectroscopy, 
1
H 
NMR, 
13
C NMR, and elemental analysis (CHN), by a PhD student in chemistry, 
Yuvaraj A R. For informational purposes, experimental details about the synthetic 
procedure of the compounds are included in this section and the FT-IR and NMR 
spectra are in APPENDICES.  
 
Ethyl 4-amino benzoate, sodium nitrite, 1-bromohexane, potassium hydroxide, 
potassium iodide, hydroquinone, aniline, 1,3-dicyclohexylcarbodiimide (DCC), 4-(N, 
N-dimethylamino) pyridine (DMAP), 4-nitroaniline, 5-bromo 1-pentene, 4-fluoro 
phenol, 4-chloro phenol, 4-bromo phenol, 4-iodo phenol, and sodium hydroxide were 
supplied by Fluka. Phenol, 4-amino acetophenone, 4-fluoro benzoic acid, 3,5-difluoro 
benzoic acid, hydrochloric acid and silica gel-60 were purchased from Merck. 
Potassium carbonate was purchased from Aldrich. Commercial reagents and solvents 
were used as supplied with following exception. Acetone was dried over phosphorus 
pentaoxide (Merck), dichloromethane was dried over calcium hydride (Fluka) and 
distilled out before use. IR spectra were recorded using a Perkin Elmer (670) Fourier 
Transform Infrared (FT-IR) spectrometer. 
1
H NMR (400 MHz) and 
13
C NMR (100 
MHz) were recorded using Bruker Nuclear Magnetic Resonance (NMR) spectroscopy, 
and chemical shifts are reported as values in ppm relative to tetramethyl silane (TMS) as 
standard at δ = 0.00 ppm. Elemental analysis was done by CHN elemental analyser 
(Leco & Co). 
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3.2 SYNTHETIC PROCEDURE 
 
3.2.1 Synthesis of bent-shaped azobenzene 
 
Ethyl 4-(4-hydroxyphenylazo) benzoate (A): Compound A was prepared by 
dissolving ethyl 4-amino benzoate (46.0 mmol, 1 equiv.) in 
methanol (40 mL), cooled to 2 C. After 8.672 mL of 25 % 
hydrochloric acid was added drop wise at 2 C, sodium nitrite 
dissolved in water (44.6 mmol, 1 equiv.) was also added drop wise and stirred for 15 
min. Then, the prepared phenol solution in methanol (44.6 mmol, 1 equiv.) was added 
slowly to the reaction mixture at 2 C and the pH was raised to 8.5 – 9.0 by using 1 N 
sodium hydroxide, stirred for 4 h. The resulting mixture was added with methanol (250 
mL) and ice, and then pH was reduced to 4 with diluted hydrochloric acid. The reddish 
yellow product precipitate was filtered and dried. The crude product was recrystallized 
twice from methanol. A reddish yellow coloured solid; Rf = 0.42 (40 % CH2Cl2-EtOH); 
yield: 62 %; m.p. 160.2 C; IR (KBr, vmax, cm
-1
): 3321, 1728, 1602, 1484, 1248, 1140, 
829; 
1
H NMR (CDCl3) δ: 8.17 (d, 2H, J = 8.2 Hz, Ar-H), 7.92 (d, 2H, J = 7.5 Hz, Ar-H), 
7.88 (d, 2H, J = 7.5 Hz, Ar-H), 7.01 (d, 2H, J = 8.2 Hz, Ar-H), 5.54 (s, 1H, OH), 4.42 (q, 
2H, J = 7.2 Hz, –CH2CH3), 1.44 (t, 3H, –CH2CH3); MS (FAB+): m/z for C15H14N2O3, 
Calculated: 270.28. Found: 270.08. 
 
Ethyl 4-[4-(4-hexyloxy) phenylazo] benzoate (B): Compound A (18.5 mmol, 1 equiv.) 
and 1-bromohexane (37.1 mmol, 2 equiv.) were dissolved in 
dry acetone (300 mL). Potassium carbonate (18.5 mmol, 1 
equiv.) was added drop wise followed by catalytic amount 
of potassium iodide (50 mg). Then, the reaction mixture was refluxed for 24 h under 
nitrogen atmosphere, monitored by thin-layer chromatography (TLC). After completion 
of the reaction, solvent was removed and the product obtained was taken as such for the 
next step. 
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4-[4-(4-hexyloxy)phenylazo] benzoic acid (C): Compound B was dried and dissolved 
in 100 mL of methanol. The reaction mixture was cooled 
to 5 C and potassium hydroxide (62.2 mmol, 3 equiv.) in 
water (20 mL) was added drop wise. Then the reaction 
mixture was refluxed for 4 h and monitored by TLC to confirm the completion of 
reaction. The reaction mixture was washed with n-hexane (25 mL) twice to remove 
nonpolar impurities and pH was adjusted to 6 with diluted hydrochloric acid. The 
compound was extracted in ethyl acetate, followed by brine wash. The ethyl acetate 
layer was dried over anhydrous sodium sulphate for 1 h. Then, filtered and ethyl acetate 
was removed to collect the solid product and recrystallized from ethanol: chloroform 
(2:1). A dark yellow coloured solid; yield: 46 %; IR (KBr, vmax, cm
-1
): 3004, 2918, 2849, 
1711, 1588, 1493, 1248, 1220, 1130, 1092, 835; 
1
H NMR (CDCl3) δ: 10.46 (s, 1H, 
COOH), 7.94 (d, 2H, J = 8.05 Hz, Ar-H), 7.89 (d, 2H, J = 8.10 Hz, Ar-H), 7.52 (d, 2H, 
J = 8.01 Hz, Ar-H), 6.61 (d, 2H, J = 7.98Hz, Ar-H), 2.13 – 0.92 (m, 13H, –C6H13); MS 
(FAB+): m/z for C19H22N2O3, Calculated: 326.39. Found: 326.09. 
 
1,6-Hexylene bis-{4-[4-(4-hexyloxy) phenylazo]benzoate} (D): Compound C (15.3 
mmol, 1 equiv.) was dissolved in 50 mL 
of dry dichloromethane and DMAP (1.40 
mmol, 0.1 equiv.) were added and stirred. 
After 30 min, a solution of 1,6-dibromohexane (7.6 mmol, 0.5 equiv.) in dry 
dichloromethane (10 mL) and DCC (23.0 mmol, 1.5 equiv.) in 10 mL of dry 
dichloromethane was added. The mixture was stirred for 24 h and monitored by TLC. 
After completion of reaction, the precipitate was removed by filtration and the filtrate 
was quenched with 1.5 N hydrochloric acid. The compound was extracted twice with 
dichloromethane followed by washing with 1 N sodium hydrogen carbonate and with 
brine solution. Then, water content was removed the by adding anhydrous sodium 
sulfate. The solid crude product was collected by evaporating dicholoromethane using 
rotatory evaporator. Obtained product was purified by column chromatography using 
chloroform: methanol (20:1) as eluent. The product was recrystallized from methanol: 
chloroform (2:1) to get the target compound D. A pale yellow coloured solid; yield: 
35 %; m.p. 154.2 C; IR (KBr, vmax, cm
-1
): 1730, 1625, 1579, 1248, 1238, 1130, 1092, 
835; 
1
H NMR (CDCl3) δ: 8.37 – 6.90 (m, 16H, Ar-H), 0.92 – 1.85 (m, 38H, aliphatic-H); 
